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In this paper, we extend the notion of semi-hypergroups (resp. hypergroups) to neutro-semihypergroups (resp. neutro- 
hypergroups). We investigate the property of anti-semihypergroups (resp. anti-hypergroups). We also give a new alternative of 
neutro-hyperoperations (resp. anti-hyperoperations), neutro-hyperoperation-sophications (resp. anti-hypersophications). 


Moreover, we show that these new concepts are different from classical concepts by several examples. 


1. Introduction 


A hypergroup, as a generalization of the notion of a group, 
was introduced by F. Marty [1] in 1934. The first book in 
hypergroup theory was published by Corsini [2]. Nowadays, 
hypergroups have found applications to many subjects of 
pure and applied mathematics, for example, in geometry, 
topology, cryptography and coding theory, graphs and 
hypergraphs, probability theory, binary relations, theory of 
fuzzy and rough sets and automata theory, physics, and also 
in biological inheritance [3-7]. The first book in semi- 
hypergroup theory was published by Davvaz in 2016 (see 
[8]). In recent years, several other valuable books in 
hyperstructures have been written by Davvaz et al. [6, 9, 10]. 

M. Al-Tahan et al. introduced the Corsini hypergroup 
and studied its properties as a special hypergroup that was 
defined by Corsini. They investigated a necessary and suf- 
ficient condition for the productional hypergroup to be a 
Corsini hypergroup, and they characterized all Corsini 
hypergroups of orders 2 and 3 up to isomorphism [3]. Semi- 
hypergroup, hypergroup, and fuzzy hypergroup of order 2 
are enumerated in [7, 11, 12]. S$. Hoskova-Mayerova et al. 
used the fuzzy multisets to introduce the concept of fuzzy 
multi-hypergroups as a generalization of fuzzy hypergroups, 
defined the different operations on fuzzy multi-hypergroups, 
and extended the fuzzy hypergroups to fuzzy multi- 
hypergroups [13]. 


In 2019 and 2020, within the field of neutrosophy, 
Smarandache [14-16] generalized the classical algebraic 
structures to neutroalgebraic structures (or neutroalgebras) 
(whose operations and axioms are partially true, partially 
indeterminate, and partially false) as extensions of partial 
algebra and to antialgebraic structures (or antialgebras) 
(whose operations and axioms are totally false). Furthermore, 
he extended any classical structure, no matter what field of 
knowledge, to a neutrostructure and an antistructure. These 
are new fields of research within neutrosophy. Smarandache 
in [16] revisited the notions of neutroalgebras and anti- 
algebras, where he studied partial algebras, universal algebras, 
effect algebras, and Boole’s partial algebras and showed that 
neutroalgebras are the generalization of partial algebras. Also, 
with respect to the classical hypergraph (that contains 
hyperedges), Smarandache added the supervertices (a group 
of vertices put together to form a supervertex), in order to 
form a super-hypergraph. Then, he extended the super- 
hypergraph to n-super-hypergraph, by extending the power 
set P(V) to P” (V) that is the n-power set of the set V (the n- 
super-hypergraph, through its n -super-hypergraph-vertices 
and n -superhypergraph-edges that belong to P"(V), can be 
the best (so far) to model our complex and sophisticated 
reality). Furthermore, he extended the classical hyperalgebra 
to n-ary hyperalgebra and its alternatives m -ary neutro- 
hyperalgebra and n -ary anti-hyperalgebra [17]. The notion of 
neutrogroup was defined and studied by Agboola in [18]. 


Recently, M. Al-Tahan et al. studied neutro-ordered algebra 
and some related terms such as neutro-ordered subalgebra 
and neutro-ordered homomorphism in [19]. 

In this paper, the concept of neutro-semihypergroup and 
anti-semihypergroup is formally presented. And, new al- 
ternatives are introduced, such as neutro-hyperoperations 
(resp. anti-hyperoperations), neutro-hyperaxioms, and anti- 
hyperaxioms. We show that these definitions are different 
from classical definitions by presenting several examples. 
Also, we enumerate neutro-hypergroup and anti-hyper- 
group of order 2 (see Table 1) and obtain some known results 
(see Table 2). 


2. Preliminaries 


In this section, we recall some basic notions and results 
regarding hyperstructures. 


Definition 1 (see [2, 8]). A hypergroupoid (H,°) is a 
nonempty set H together with a map : H x H —> P*(H) 
called (binary) hyperoperation, where P* (H) denotes the set 
of all nonempty subsets of H. The hyperstructure (H, ©) is 
called a hypergroupoid, and the image of the pair (x, y) is 
denoted by xo y. 

If Aand Bare nonempty subsets of H and x € H, then by 
AcB, Acox, and xeB we mean AcoB= Ugcayegacd, 
Acx = Ao{x}, and xo B= {x}oB. 


Definition 2 (see [2, 8]). A hypergroupoid (H, °) is called a 
semi-hypergroup if it satisfies the following: 


(A) (Va,b,c € H) (ae (bec) = (ach) ec) (associativity). 


Definition 3 (see [2, 8]). A hypergroupoid (H, °) is called a 
quasi-hypergroup if reproduction axiom is valid. This means 
that, for all a of H, we have 


(R) (Vae H) (Hea=acH =H) (ie. 
(dc,d € H) s.t.b €ccoa,bé acd). 


(Va,b € H) 


Definition 4 (see [2, 8]). A hypergroupoid (H, ©) which is 
both a semi-hypergroup and a quasi-hypergroup is called a 
hypergroup. 


Example 1 (see [2, 8]) 


(i) Let H be a nonempty set, and for all x, y ¢ H, we 
define xe y= H. Then, (H,°) is a hypergroup, 
called the total hypergroup. 

(ii) Let G be a group and H a normal subgroup of G, and 
for all x, y € G, we define xo y = xyH. Then, (G, °) 
is a hypergroup. 


Definition 5 (see [2, 12]). Let (H, ) be a hypergroupoid. 
The commutative law on (H, ¢) is defined as follows: 


(C) (Va,b € H) (acb = bea). 


(H, o) is called a commutative hypergroupoid. 
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TABLE 1: Classification of the hypergroupoids of order 2. 


A NA AA 


NC 


AC 


TABLE 2: Classification of the semi-hypergroups of order 2. 


Com Noncom N 
Semigroup 3 2 5 
Group 1 — 1 
Semi-hypergroup 9 8 17 
Hypergroup 6 2 8 


Example 2 (see [13]). Let Z be the set of integers, and define 
°, on Z as follows. For all x, y € Z, 


IZ 
xo = 
iy 2Z +1, otherwise. 


if x, y have same partiy, | (1) 


Then, (Z, °,) is a commutative hypergroup. 


3. On Neutro-hypergroups and Anti- 
hypergroups 


F. Smarandache generalized the classical algebraic structures 
to the neutroalgebraic structures and antialgebraic struc- 
tures. Neutro-sophication of an item C (that may be a 
concept, a space, an idea, a hyperoperation, an axiom, a 
theorem, a theory, an algebra, etc.) means to split C into 
three parts (two parts opposite to each other, and another 
part which is the neutral/indeterminacy between the op- 
posites), as pertinent to neutrosophy ((<A), <neutA), 
<antiA)), or with other notation (T, I, F)), meaning cases 
where C is partially true (T), partially indeterminate (I), and 
partially false (F), while antisophication of C means to 
totally deny C (meaning that C is made false on its whole 
domain) (see [14, 15, 17, 20]). 

Neutrosophication of an axiom on a given set X means 
to split the set X into three regions such that, on one region, 
the axiom is true (we say the degree of truth T of the axiom), 
on another region, the axiom is indeterminate (we say the 
degree of indeterminacy I of the axiom), and on the third 
region, the axiom is false (we say the degree of falsehood F of 
the axiom), such that the union of the regions covers the 
whole set, while the regions may or may not be disjoint, 
where (T, I, F) is different from (1,0,0) and from (0,0, 1). 

Antisophication of an axiom on a given set X means to 
have the axiom false on the whole set X (we say total degree 
of falsehood F of the axiom) or (0,0, 1). 
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Neutrosophication of a hyperoperation defined on a 
given set X means to split the set X into three regions such 
that, on one region, the hyperoperation is well-defined (or 
inner-defined) (we say the degree of truth T of the hyper- 
operation), on another region, the hyperoperation is inde- 
terminate (we say the degree of indeterminacy I of the 
hyperoperation), and on the third region, the hyper- 
operation is outer-defined (we say the degree of falsehood F 
of the hyperoperation), such that the union of the regions 
covers the whole set, while the regions may or may not be 
disjoint, where (T, I, F) is different from (1,0,0) and from 
(0, 0, 1). 

Antisophication of a hyperoperation on a given set X 
means to have the hyperoperation outer-defined on the 
whole set X (we say total degree of falsehood F of the axiom) 
or (0,0, 1). 

In this section, we will define the neutro-hypergroups 
and anti-hypergroups. 


Definition 6. A neutro-hyperoperation is a map 
o: H x H —> P(U), where U is a universe of discourse that 
contains H that satisfies the below neutrosophication 
process. 

The neutrosophication (degree of well-defined, degree of 
indeterminacy, and degree of outer-defined) of the hyper- 
operation is the following neutrohyperoperation (NH): 


(NR) (Sx,y¢H)(xeyeP*(H)) and (Ax,ye 
H)(xe y is an indeterminate subset, or xo y ¢ P* (H)). 
The neutrosophication (degree of truth, degree of in- 
determinacy, and degree of falsehood) of the hyper- 
group axiom of associativity is the following 
neutroassociativity (NA): 

(NA) (da, b,c € H) (ae (bec) = (acb) oc) and (Ad,e, 
f € Hyde (eo f)# (dee)of or do (eof) = inde- 
terminate, or (doe)o f = indeterminate). 
Neutroreproduction axiom (NR): 

(NR) (da¢H)(Hea=acH=H) and (abe H) 
(H °b, bo H, and H are not all three equal, or some of 
them are indeterminate). 

Also, we define the neutrocommutativity (NC) on 
(H, o) as follows: 


(NC) (da,bé H)(acb=bea) and (Ac,dé€ H) 
(cod#doc, or cod= indeterminate, or doc= 
indeterminate). 


Now, we define a neutro-hyperalgebraic system 
S = (H, F, A), where H is a set or neutrosophic set, F is a set 
of the hyperoperations, and A is the set of hyperaxioms, such 
that there exists at least one neutro-hyperoperation or at 
least one neutro-hyperaxiom and no anti-hyperoperation 
and no anti-hyperaxiom. 


Definition 7. The anti-hypersophication (totally outer- 
defined) of the hyperoperation defines anti-hyperoperation 
(AH): (AH) (Vx, y € H) (xey ¢ P*(H)). 

The anti-hypersophication (totally false) of the hyper- 
group is as follows: 


(AA) (Vx, y,z € H) (xo (yoz)# (xe y)oZ) 
(antiassociativity) 

(AR) (Va ¢ H)(Hea, aoH, and H are not equal) 
(antireproduction axiom) 

Also, we define the anticommutativity (AC) on (H, e) 
as follows: 


(AC) (Va,b € H with a#b) (acb#bea). 


Definition 8. A neutro-semihypergroup is an alternative of 
semi-hypergroup that has at least (NH) or (NA), which does 
not have (AA). 


Example 3 


(i) Let H = {a,b,c} and U = {a,b, c,d} be a universe of 
discourse that contains H. Define the neutro- 
hyperoperation °, on H with Cayley’s table. 


o, | a b c 
a|a a a 
b | b {a,b} {a, b, dt 
c joc ? H 


Then, (H, °) is a neutro-semihypergroup. Since 
ac,be P*(H),  be,c = {a,b,d} ¢ P*(H), and 
co, b= indeterminate, so (NH) holds. 

(ii) Let H = {a, b,c}. Define the hyperoperation o, on H 
with Cayley’s table. 


03 | a b fa 
ala a a 
b | b- {a,b} {a, b} 


c|c {b,ch H 


Then, (H, 03) isa neutro-semihypergroup. (NA) is valid, 
since (boe,c)°,a = {a,b}o,a = (ao,a)U (bo34) = {a} U 
{b} = {a, b} and bo, (co, a) = be,{c} = be,c = {a,b}. 

Hence, (be3c)0;a=be;(co3,a). Also, {bo,a}o, 
c= {b}o,c =be,c= {a,b} and bo;(ae,c)= boez{a} = 
bo,a = {b}, so (bo, a)°3c#be3 (a3 C). 


Definition 9. A neutrocommutative semi-hypergroup is a 
semi-hypergroup that satisfies (NC). 


Example 4. Let H = {a,b,c}. Define the hyperoperation °, 
on H with Cayley’s table. 


4 a b Cc 
a | fae} a a 
b a b c 


c| a {b,c} {b,c} 
Then, (H,°4) is a semi-hypergroup, but not a hyper- 
group, since a°, H = H°,a = {a,c} # H. (NC) is valid, since 
ac,b= {a} = bo,a and co,b = {b,c} #bo,c = {c}. 


Definition 10. A neutrocommutative hypergroup is a 
hypergroup that satisfies (NC). 


Example 5. Let H = {a,b,c,d,e, f}. Define the operation °, 
on H with Cayley’s table. 


o,f} a b cde f 
ele abed f 
ala bedfee 
b|beaf@ed 


cle fd 
d|dcfaeb 
f\f dcbae 


Then, (H, o;,e) is a group and so is a natural hyper- 
group. Also, it is a neutrocommutative hypergroup, since 
ac;b =e = boa and ao,c = d#co,a= f. 


Definition 11. A neutrohypergroup is an alternative of 
hypergroup that has at least (NH) or (NA) or (NR), which 
does not have (AA) and (AR). 


Example 6. Let H = {a,b,c}. Define the hyperoperation ° 
on H with Cayley’s table. 


oe }|a be 
ala be 
b|b bb 


Then, (H,°,) is a neutrohypergroup. The hyper- 
operation o is associative. (NR) is valid, since 
a°H = (aoa) U (ao,b)U (aogc) = H = (ae a)U (boa) 
U(coga)= Hoga, bog H = (bog a)U (bo¢ b)U (be¢c) = 
{b} #H # {c, b} = (a,b) U (bo6 b) U (cog b) = Ho, b, = and 
co, H = (cog a)U (cob) U (co¢c) = {a,ch #H, but Hogc = 
(ao,c)U (bog c)U (c°¢c) = {a,b,c} = H. 

Note that every neutro-semihypergroup, neutro- 
hypergroup, neutrocommutative semi-hypergroup, and 
neutrocommutative hypergroup are neutro-hyperalgebraic 
systems. 


Definition 12. An anti-semihypergroup is an alternative of 
semi-hypergroup that has at least (AH) or (AA). 


Example 7 


(i) Let N be the set of natural numbers except 0. Define 
hyperoperation °, on N by xo,y = {(x?/x* + 1), y}. 
Then, (N, 7) is an anti-semihypergroup. (AH) is 
valid, since, for all x,y € N, xe,y ¢ P* (N). Thus, 
(AH) holds. 

(ii) Let H = {a,b}. Define the hyperoperation °, on H 
with Cayley’s table. 
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og | a b 
a|lba 
biba 


Then, (H, g) is an anti-semihypergroup. (AA) is 
valid, since, for all x,y,z€H, Xog(yogz)# 
(X og Y) og Z. 

(iii) Let H = {a, b}. Define the hyperoperation °, on H 
with Cayley’s table. 


Then, (H, eg) is an anticommutative semi-hypergroup. 
(AC) is valid, since ao°9b = H# boy a = {a}. 
Definition 13. An anti-hypergroup is an _ anti- 
semihypergroup, or it satisfies (AR). 


Example 8 


(i) Let R be the set of real numbers. Define hyper- 
operation °;, on R by xeyy = {x*?+1,x?- 1}. 
Then, (R, °,9) is an anti-semihypergroup, since, for 
all x, y,Z ER, Xo (V9 Z) F(X 9 Y) 19 z. Be- 
cause X9(V%Z) = Xyo{y* + Ly? - Ip = 
{x19 (y?+ 1), xX y9(y? — 1)} = {x* + 1.x? - 1}, but 
(xe19 ¥) oy % = {x? + 1,x7 = lh oye = (x? +1) 
eg Z)U ((x? - 1) oygz) = | (x2 +1) +1, (x? - 1) 
+1}. Hence, (AA) is valid. 

(ii) Let H = {a,b,c}. Define the hyperoperation °,, on 
H with Cayley’s table. 


Then, (H,,,) is an anti-semihypergroup. The 
hyperoperation °,, is associative. Also, (AR) holds, 
since a°,,H = (ao,,a)U (ao,,b)U (ae,c) = {c}# 
H# {b,c} = (ao,,a)U (be,,a)U (co,,a) = Hoa, 
bo,,H = (bo,,a)U (be,,b) U (be,,c) = {b} # HF 
{b, c} = (401,b) U (b 21,6) U (cob) = Hob, and 
CoH = (coa)U (c,b)U (coc) = {c}# HF 
{b,c} = (aey,c)U (beyyc)U (Coc) = Hoye. 

(iii) Let R be the set of real numbers. Define hyper- 
operation °,, on R by xo, y={x,1}. Then, 
(IR, °y)) is an anti-semihypergroup. The hyper- 
operation °,, is associative, since, for all x, y,z € R, 
we have x0)(y22Z) = Xp{y, 1} = (x12 y)U 
(xo), 1) = {x, 1} U {x, 1} = {x, I} and (xe), y)° z= 
{x,l}ouZ= (xepz)U (ley. z) = {x 1}U {LI = 
{x,1}, so X°)(yoZ) = (x y)°4,z. However, 
for a€ R, we have aco,,R= Uy ¢pdo X= Urner 
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{a,l}={a,1}#R and Reya= Ujepxopa= 
U xer{X% 1} = R. Thus, ao,,R#Re ja. 


Definition 14. An anticommutative semi-hypergroup is a 
semi-hypergroup that satisfies (AC). 


Example 9 


(i) Let H = {a, b}. Define the hyperoperation ° ,; on H 
with Cayley’s table. 


Then, (H, ©,3) is a semi-hypergroup and (AC) is 
valid, since ae ;3b = {a} # be ,,a = H. Thus, (H, °,3) 
is an anticommutative semi-hypergroup. 

(ii) Let H = {a, b}. Define the hyperoperation © ,, on H 
with Cayley’s table. 


%q)a 6 
alba 
b |b a 


Then, (H, °,,4) is an anticommutative semi-hypergroup, 
and the hyperoperation °,, is not associative, since 
(40 14)° 4a = {bho 4a = {b}#ae\4 (a0 \4a) =a 4{b} = {a}. 

(AC) is valid, since ao ,,b = {a} # be ,,a = {b}. 


Definition 15. An anticommutative hypergroup is a 
hypergroup that satisfies (AR). 


Example 10 


(i) Let H = {a, b}. Define the hyperoperation °,; on H 
with Cayley’s table. 


%5| 4 b 
a|H a 
b|H H 


Then, (H, °,;) is an anticommutative hypergroup. 
(AC) is valid, since ac ,,b = {a} #bo,,a = H. 

(ii) Let H = {a, b,c}. Define the hyperoperation ° |, on 
H with Cayley’s table. 


a aauH 
b |b bH 
c ¢« H 


Then, (H, °;¢) is an anticommutative hypergroup. 
The hyperoperation °|, is associative. Also, (AC) 
holds, since ac,.b = {a}#bo,,a= {b}, acoyc= 
H#co a= {c}, and boc = H#€0 6b = {ce}. 


(iii) Let H = {a, b,c}. Define the hyperoperation © ,, on 
H with Cayley’s table. 


Then, (H, °,7) isan anticommutative hypergroup, (AC) 
holds, since aoc,,b={b}#boe,,a= {a}, ac,,c={ch# 
co,,a = H, and be ,,c = {c}#c° ,,b = H. 

Note that every anti-semihypergroup, antihypergroup, 
anticommutative semi-hypergroup, and anticommutative 
hypergroup are anti-hyperalgebraic systems. 

In the following results, we use hyperoperation instead of 
neutro-hyperoperation. 

Note that if (H,°) is a neutro-semihypergroup and 
(G, e) is an anti-semihypergroup, then (HNG, ) is not a 
neutro-semihypergroup, but it is an anti-semihypergroup. 
Also, let (H, © ;;) be a neutro-semihypergroup, (G, °G) be 
an anti-semihypergroup, and HNG= 2. Define hyper- 
operation ° on HWG by 


xopy, ifx, y € H, 


xoy= 4 xXogy, ifx,yeG, Ff. (2) 


{x,y}, otherwise. 


Then, (HwWG, ) is a neutro-semihypergroup, but it is 
not an anti-semihypergroup. 


Proposition 1. Let (H,°) be an antisemihypergroup and 
e € H. Then, (HU {e}, *) is a neutrosemihypergroup, where 
« is defined on HU {e} by 


ce -{ee "hewn | 
y {e, x, y}, otherwise. 


(3) 


Proof. It is straightforward. 


Proposition 2. Let (H, ©) be a commutative hypergroupoid. 
Then, (H, ©) cannot be an anti-semihypergroup. 


Proof. Let a¢ H. Then, ae (aca) = (aea)oa, so (H,°) 
cannot be an anti-semihypergroup. 


Corollary 1. Let (H, ©) be a hypergroupoid, and there exists 
a € H such that a’a commuted with a. Then, (H, °) cannot 
be an anti-semihypergroup. 


Corollary 2. Let (H, ) be a hypergroupoid with a scalar 
idempotent, i.e., there exists a € H such that a’a =a. Then, 
(H, ©) cannot be an anti-semihypergroup. 


Proposition 3. Let (H,°,,) and (G,°@) be two neutro- 
semihypergroups (resp. anti-semihypergroups). Then, (H x 


G,*) is a 
hypergroups), where * 
(x1; Vy), (x; Y>) € HxG, 


(x15 1) * (X25 2) = (%1° Xa Vi °GV2)- (4) 


neutro-semihypergroup (resp. anti-semi- 
is defined on HxG. For any 


Note that if (H, ©) is a neutro-semihypergroup, then if 
there is a nonempty set H,CH, such that (Hj, ©) is a semi- 
hypergroup, we call it Smarandache semi-hypergroup. 

Suppose (H, ©,;,;) and (G, °,) are two hypergroupoids. 
A function f: H —> Gis called a homomorphism if, for all 
a,b € H, f (ae yb) = f (a) cf (b) (see [21, 22], for details). 


Proposition 4. Let (H, © ;,) be a semi-hypergroup, (G, °g) 
be a neutro-hypergroup, and f: H — > G be a homomor- 
phism. Then, (f(H),°g) is a semi-hypergroup, where 
f(A) ={f (h): he Hy}. 


Proof. Assume that (H,°,,) is a semi-hypergroup and 
x, y,z € f (H). Then, there exist h,,h,,h3 € f (H) such that 
f(h,) =x, f(h)) = y, and f (h3) = z, so we have 


xoG(yogz) = f(y) eg(f (ha) eG (hs) 
= f(t) ech (hoe nhs) = f(t en (ne hs) 
= f ((hy° why) © ahs) = f (hy ° why) cf (hs) 
= (f (hy) cf (hn) cf (hs) = (xe Gy) o Gz: 
(5) 
Then, (f(H), °G) is a semi-hypergroup. O 


Definition 16. Let (H,°,,) and (G,°g) be two hyper- 
groupoids. A bijection f: H —> G is an isomorphism if it 
conserves the multiplication (ie, f (a° 4b) = f (a)°c¢f (b)) 
and write H=G. A bijection f: H —= G is an antiiso- 
morphism if for all a,b € H, f(ac,b)# f(b)ocf(a). A 
bijection f: H —> G is a neutroisomorphism if there exist 
a,b € H, f (aoc z,b) = f (b) ocf (a), ie., degree of truth (T), 
there exist c,d € H and f (co,d) or f (c)ocf (d) are in- 
determinate, i.e., degree of indeterminacy (J), and there 
exist e,he H, f(eo,h)#fle)ogf(h), ie, degree of 
falsehood (F), where (T, I, F) are different from (1, 0,0) and 
(0,0,1), and T,I, F € [0,1]. 

Let ° be a _ hyperoperation on H = {a,b} and 
(Aj, Aj Ay}, Ag2) inside of Cayley’s table. 


a) Ay Ay 
b Ady Any 
Lemma 1 (see ([5]). Let (H= {a,b},o,,) and 


(G = {a',b'}, °,) be hypergroupoids with Cayley’s tables 
(A, B,C, D) and (A', B',C', D'), respectively. Then, H = G if 
and only if, for all i, j € {1,2}, Aj; = Ajj or 


A‘ if A, = H, 
A = J J 
7 | G\Al, if Ay #H, 


(6) 
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where Af, = Ay, A4, = Ay, Ad, = Ay, and Ad, = Aj. 


Lemma 2 (see [6]). If (H,°) is a hypergroupoid, then 
(H, *) is a hypergroupoid when x* y= yox for all 
x,yeH. 


(H, *) in Lemma 2 is called dual hypergroupoid of 
(H, i) ). 


Theorem 1. Let (H = {a,b}, ©). Then, (H, °) = (H, *) if 
and only if (H, ©) is anticommutative. 


Lemma 3. There exist 4 anticommutative anti-semi- 
hypergroup of order 2 (up to isomorphism). 


Proof. Let (H,°) be an  anticommutative anti- 
semihypergroup. By Corollary 2, we have aca#a and 
bob#b. Also, aob#bea. Consider the following. 

If aea=H, then ac(aca)=acH=H= Hoa= 
(aca)ea, a contradiction. Then, we get aca=b and 
bob=a. 

Now, we have 


Case 1. Ifacb =a, then bea = H or boa = b, so we get 
(b,a,b,a) and (b,a,H,a) are two § anti- 
semihypergroups 

Case 2. If acb = b, then boa = H or boa = a, so we get 
(b,b,a,a) and (b,b,H,a) are two — anti- 
semihypergroups 

Case 3. If acb = H, then bea = aor boa = b, so we get 


(b,H,a,a) and  (b,H,b,a) are two — anti- 
semihypergroups 
It can be see that (b,a,H,a) = (b,H,b,a) and 


(b, H,a,a) = (b,b,H,a). Therefore, (b,b,a,a), (b, a,b, a), 
(b,a,H,a), and (b,H,a,a) are 4 nonisomorphic anti- 
semihypergroups of order 2. O 


Corollary 3. There exists two nonisomorphic anti- 
semigroups of order 2:(b,b,a,a) and (b,a,b,a). Anti- 
semigroup (b,b,a,a) is the dual form of the anti-semigroup 
(b, a, b, a). 


Corollary 4. There exists two nonisomorphic anti- 
semihypergroups of order 2: (b,a,H,a) and (b, H,a,a). 
Anti-semihypergroup (b,a, H, a) is the dual form of the anti- 
semihypergroup (b, H,a,a). 


Theorem 2. Let (H, ©) be a hypergroupoid of order 2. Then, 
(H, ©) does not have (NR) or (AR). 


Proof. Let H = {a,b}. Suppose Ha#H, aH#H, and 
Ha# aH. Hence, Ha = {a} or Ha = {b}. First, give Ha = {a}, 
then aH#H and Ha#aH implies that aH = {b}. Then, 
acaCcHa = {b} and acacHa = {a}. Therefore, {b} = aoaca 
= {a}, and this is a contradiction. In the similar way, we 
obtain Hb# H, bH # H, and Hb#bH, a contradiction. 

Using Lemmas 1 and 2 and Theorem 1, we can find 45 
nonisomorphic classes hypergroupoids of the order 2. We 
characterize these 45 classes in Table 1. 
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Note that semi-hypergroups, hypergroups, and fuzzy 
hypergroups of order 2 are enumerated in [7, 11, 12]. 

We obtain anti-semihypergroups | and__ neutro- 
semihypergroups of order 2 and the classification of the 
hypergroupoids of order 2 (classes up to isomorphism). 

R, NR, AR, A, NA, AA, C, NC, and AC in Table 1 are 
denoted in Sections 2 and 3. 

A result from Table 1 confirms the enumeration of the 
hyperstructure of order 2 [11, 23, 24], which is summarized 
as follows. O 


4. Conclusion and Future Work 


In this paper, we have studied several special types of hyper- 
groups, neutro-semihypergroups, anti-semihypergroups, neu- 
tro-hypergroups, and anti-hypergroups. New results and 
examples on these new algebraic structures have been inves- 
tigated. Also, we characterize all neutro-hypergroups and anti- 
hypergroups of order two up to isomorphism. These concepts 
can further be generalized. 
Future research to be done related to this topic are 


(a) Define neutro-quasihypergroup, —_anti-quasihy- 
pergroup, neutrocommutative quasi-hypergroup, 
and anticommutative quasi-hypergroup 


(b) Define neutro-hypergroups, anti-hypergroups, 
neutrocommutative hypergroups, and  anti- 
commutative hypergroups 


(c) Define and investigate neutroHv-groups, antiHv- 
groups, neutroHv-rings, and antiHv-rings 


(d) It will be interesting to characterize infinite neutro- 
hypergroups and  anti-hypergroups up _ to 
isomorphism 

(e) These results can be applied to other hyper- 
algebraic structures, such as hyper-rings, hyper- 
spaces, hyper-BCK-algebra, hyper-BE-algebras, 
and hyper-K-algebras. 
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